ABSTRACT: Marine protected areas (MPAs) have been heralded as the next important fisheries management tool. Predicted benefits include increased fish biomass, increased species diversity, and enhanced recruitment to the MPA itself, as well as to proximal areas. Whereas MPAs have in fact been shown to increase biomass and species diversity, evidence of enhanced recruitment has yet to be seen. If MPAs are significantly enhancing recruitment, one would expect to see the recruitment dominated by groups of siblings arising from highly productive females predicted to eventually reside in MPAs due to the protection afforded them. If occurring, such sibling-dominated recruitment could be identified by significantly fewer mtDNA haplotypes and significantly fewer singleton haplotypes in population samples of recruiting juveniles compared to adult populations. We investigated a new approach for potentially determining whether MPAs might be significantly enhancing recruitment to proximal areas of Santa Cruz and the Santa Catalina islands in the California Channel Islands, by seeking evidence of sibling-dominated juvenile recruitment in mitochondrial DNA haplotype data of the kelp bass Paralabrax clathratus. Our analyses found largely genetically mixed recruitment from the plankton, suggesting that recruitment to the sampled areas was not being measurably enhanced from point sources such as the nearby MPAs.
INTRODUCTION
Marine protected areas (MPAs) have been heralded as the next important fisheries management tool, with expected benefits of increased fish biomass, increased species diversity, and enhanced recruitment to the MPA, as well as to its proximal areas (Conover et al. 2000) . MPAs comprise generally of 2 types: strictly notake areas where no fishing is allowed, and marine sanctuaries where traditional fishing activities (excluding the harvest of endangered populations) are normally allowed. There are 70 MPAs in the waters off California, each providing varying amounts of protection for species inside their boundaries. Fishing is either restricted or completely prohibited for some or all species. There are many MPAs throughout the world, including the United States, Australia, Canada, Europe, New Zealand, South Africa and the Caribbean Sea; where in each case the level of protection varies and is dependent upon the status of the species within the MPA.
MPAs are reported to increase biomass and species diversity within their borders (e.g. Chiappone & Sullivan Sealey 2000 , Roberts et al. 2001 , and could prove effective in enhancing adult fish stocks through spillover. However, determining whether MPAs significantly enhance total population recruitment is difficult, as recruits are not easily tracked from natal to settlement sites, a trek of more than 1 mo for many fishes (e.g. Victor 1987 , Waples 1987 . Nevertheless, the potential contribution of juveniles recruiting from pelagic larvae must be included when assessing the overall effectiveness of MPAs, because knowledge of recruitment patterns, and specifically whether or not a population or stock mostly replenishes itself or receives substantial recruitment from elsewhere, could help determine the effectiveness of MPAs.
An important recreational fish of southern California that might benefit from MPAs is the kelp bass Paralabrax clathratus. Although it is illegal in California to sell kelp bass, a single recreational fishing vessel can still take as many as 5 000 fish from 1 reef in a single year (Love 1996) . The species occurs from the Columbia River in Washington, USA, to southern Baja California, Mexico. It reaches 72 cm in total length, lives to about 33 yr, and is typically mature after 3 yr of age. It is principally found between 3 and 25 m depth around structure such as reefs, rocks, oil platforms and, especially, giant kelp (Love 1996) . Breeding occurs between April and November; the eggs hatch 1 to 2 d post -fertilization, and the larvae are planktonic for about 28 to 30 d before settlement in late summer (Cordes & Allen 1997 , Findlay & Allen 2002 . Adult kelp bass are apparently non-migratory (Young 1963 , Love 1996 , Lowe et al. 2003 .
As allozyme data have suggested (Waples 1987) , a planktonic phase lasting ca. 28 d should produce a panmixis of kelp bass throughout the Southern California Bight, even without adult migration. If so, traditional genetic approaches could prove problematic for detecting progeny recruiting near their sites of origin, such as an MPA. Whereas promising methods involving the chemical marking of otoliths have been developed to identify juvenile natal homing and local retention of juvenile fish recruiting to coral reefs (Jones et al. 1999 , Swearer et al. 1999 , their applicability to similar studies of fishes in temperate habitats has not been demonstrated. Consequently, we investigate the possibility of modifying traditional genetic methods to provide a genetic 'tagging' approach to examine patterns of juvenile recruitment near 2 MPAs in California. Wilson et al. (1997) and Wilson & Donaldson (1998) elaborated the potential use of mitochondrial DNA (mtDNA) for genetic tracking and tagging of fishes. As mtDNA is maternally (clonally) inherited, all progeny of an individual female should possess the same mtDNA haplotype regardless of paternal contribution; thus, maternal siblings would share the maternal haplotype. Excessive propagation and release of progeny from few females, such as might occur for example through artificial stock enhancement (Wilson et al. 1997) , should produce disproportionately high occurrences of the mtDNA haplotypes of those few females (Wilson & Donaldson 1998) , and field sampling of juveniles near the time and place of a release should reveal many examples of their mtDNAs. The strength of the haplotype 'signal' would diminish through time as the fish dispersed and experienced natural mortality, but should some event return large numbers of cohort survivors to their release site, field sampling should again reveal high relative occurrences of those maternal haplotypes.
For an MPA to be self-sustaining or to supply significantly enhanced recruitment (i.e. much above background levels) to proximal areas, female residents would have to produce excessive numbers of progeny that must in some manner return and recruit to or near the natal site. Indeed, the high density of fishes within an MPA, coupled with the high fecundity expected from their large size and longevity (e.g. Roberts et al. 2001) , are expected to result in disproportionately high numbers of progeny per number of female contributors and area occupied than smaller and more widely scattered females outside the MPA. Local enhancement from juvenile natal homing (if it occurs) could (as in artificial stock enhancement) result in disproportionately high numbers of the mtDNAs of the females that spawned them, possibly giving rise to recruits dominated by sibling groups of the contributing females. Finding initial evidence of such sibling-dominated recruitment would not immediately depend on precise haplotype recognition of specific females of an MPA. It would be sufficient initially to ascertain the mtDNA singleton haplotype fraction of the recruiting juveniles.
A 'singleton' mtDNA haplotype is defined as a haplotype seen only once in a sample, i.e. an unshared haplotype. Least-squares regression analysis of genetic data of fish populations from a few studies that have used mtDNA control-region sequences of adults to define haplotypes (e.g. Bowen & Grant 1997 , Brown et al. 1993 , Shields & Gust 1995 , Stepien 1995 , 1999 , Stepien & Faber 1998 , Stepien et al. 2000 , Dawson et al. 2002 suggests that the rate at which singletons are found with finite population sampling is proportional to the rate at which new haplotypes are discovered, thus allowing comparison among studies (Fig. 1) . The regression slope is the mean number of singletons expected for the total number of distinct haplotypes found; thus, this 'composite' adult regression might prove useful for studying juvenile recruitment.
Progeny of highly productive, albeit perhaps few, spawning females of an MPA recruiting en masse should not display the high singleton fraction characteristic of genetically well-mixed adult populations (Fig. 1) . Rather, there should be many maternal siblings among them, significantly lowering the numbers of singleton haplotypes that would be present in a sample of recruiting juveniles. However, finding only a significantly lowered singleton count near an MPA could not identify it as the recruitment source, because a low count might result from groups of true maternal siblings or, especially, of nominal siblings recruiting to any southern California location. However, if juvenile natal homing or another form of local retention is fre-quently occurring among kelp bass, one would expect evidence of it near MPAs if they are indeed highly productive.
Our study therefore sought evidence of siblingdominated recruitment both near an MPA, and some distance away, by analyzing of mtDNA control-region sequences of kelp bass juveniles recruiting near 2 small and widely separated MPAs off southern California. A significant reduction in singleton counts among recruiting Paralabrax clathratus juveniles relative to the composite adult fraction (Fig. 1) would provide initial evidence of locally-derived (i.e. enhanced) recruitment, possibly with some contribution from the MPAs. No reduction in singleton counts would suggest geneticallymixed recruitment, possibly from several sources, and consequently no significant local enhancement.
MATERIALS AND METHODS
Specimen collection. We obtained Paralabrax clathratus juveniles that had recruited to Standard Monitoring Units for Recruitment of Fish (SMURFs) (Carr unpubl. data) from 3 established monitoring sites proximal to 2 marine protected areas, one at Anacapa Island ( Fig. 2A) , and the other at Big Fisherman's Cove, Santa Catalina Island (Fig. 2B ). Of these, 2 sites, 1 each at Hazards and Pelican Bays of Santa Cruz Island (SCZI) are maintained by researchers of the University of California, Santa Barbara, and lie (respectively) approximately 40 and 25 km ( Fig. 2A) , west of the MPA at Anacapa Island, a 24 yr old no-take area of only 0.1 km 2 along the extreme northeastern shore of Anacapa Island (Fig. 2A) . Subtidal circulation is usually cyclonic around the central part of the Santa Barbara Channel, where an equatorward (easterly) flow runs along the Channel Islands, and a poleward (westerly) flow along the north (mainland) shore of the channel (Hendershott & Winant 1996 , Harms & Winant 1998 . Also, small cyclonic eddies frequently form near the center of the channel and then propagate westward at a rate of several kilometers per day (Harms & Winant 1998) . Thus, whereas the SCZI sites would be generally upwind of the MPA in summer, cyclonic circulation could probably bring planktonic larvae and juveniles to Hazards and Pelican Bays from Anacapa's (Fig.  2B ), a 14 yr old, no-take reserve of 0.13 km 2 lying along the northwestern face of SCAI. The physical areas of the reserve have been recently well characterized (Lowe et al. 2003 ). Ripper's Reef is generally upcurrent of Big Fisherman's Cove during flood tide and downcurrent during ebb tide (Zimmerman & Kremer 1984) . SMURFs sampled daily between 6 and 8 September 1998 (Findlay & Allen 2002) comprised the sample (N 3 = 39). The juveniles were preserved in 80% ethanol and stored in glass vials at 4°C. Finally, we obtained a sample of adult Paralabrax clathratus in October 2001 at an arbitrary site along the southeastern face of SCAI (N 3 = 39). A small fin clip was taken from each adult, preserved in 80% ethanol, and stored at 4°C.
The juveniles analyzed from SCZI were subsets of the SMURF collections. Continuous sampling for 2 wk yielded fish over a range of lengths, suggesting a mixture of individuals that had recruited on different days. We required a sample of fish likely to have recruited on, or near, the same day, and thus our SCZI samples from Hazards Bay comprised 45 fish between 18.2 and 20.2 mm length, and those from Pelican Bay 39 fish between 9.1 and 11.7 mm length. The juveniles from SCAI were pooled from 3 consecutive-day collections to form a sample of 39 fish (Fig. 3 ) between 8.2 and 11.1 mm in length.
DNA extraction, PCR and sequencing. Whole genomic DNA was extracted from each juvenile using the QIAamp Tissue Kit, Qiagen #29306 with 25 mg of tissue. The polymerase chain reaction (PCR) was performed in 100 µl reactions using 95-98 µl master mix (see below) and 2-5 µl template DNA. The PCR primers were 12SARH as the reverse primer and CB3RL (Martin et al. 1992) as the forward primer. These primers amplified a target sequence of ca. 1300 bp that included the control region of about 900 bp. The PCR master mix consisted of 10% 10× PCR buffer, 0.77% 100 mM dNTPs, 0.74% 270 mM 12SARH and CB3RL primers, 1% Nonidet ® -P40, 1.9% 25 mM MgCl 2 , 82.5% distilled H 2 O, and 0.4% (2 Units) AmpliTaq (Perkin-Elmer) DNA polymerase. We used the Perkin-Elmer 9600 gene amp system as follows: 92°C for 5 min, then 92°C at 50 s, 54°C at 40 s and 70°C at 1.5 min for 34 cycles. Amplicons were gel-purified for sequencing on a 0.6% tris-acetate-EDTA (TAE) agarose gel, or purified using Millipore's Ultrafree-MC filtration units. Purified amplicons were cyclesequenced bidirectionally in a single reaction by the Sanger method (Sanger et al. 1977 ) with an Amersham kit (#RPN2438) for primer-labeled sequencing. Forward-and reverse-sequencing primers were, respectively, 5'-AGTAGCTCAGCACCCAGAG-3' and 5'-CAGCGTCAATGAAAGTGTGG-3'. The forwardsequencing primer lay outside our GenBank reference sequences (AF333426 and AF333427) by about 50 bases toward the transfer RNA (tRNA)
Pro gene. The reverse-sequencing primer was between Bases 475 and 455 on the above-referenced sequences. Cycling parameters were 92°C at 2 min, then 92°C at 30 s, 52.2°C at 40 s, and 70°C at 15 s for 31 cycles. The reaction was then run on a 0.2 mm tris-borate EDTA-polyacrylamide gel and sequenced using a LiCOR 4200-L2 autosequencer. We produced a contiguous sequence for each sample in SEQMAN (DNA*) from the forward and reverse sequences, and aligned these using MegAlign (DNA*); haplotypes were defined by differences in 1 or more substitutions in pairwise comparisons. Shared haplotypes occurred in more than 1 fish; singletons were unique in the sample. The singleton fraction was expressed as the percentage of haplotypes found.
Data analyses. In our qualitative analyses we compared the singleton fraction of our adult Paralabrax clathratus from SCAI against the composite adult regression (Fig. 1) ; we also compared unpublished mtDNA data from 69 P. clathratus collected over a much greater geographic range of sampling (C. M. Phalen unpubl. data) to the composite. We tested for significant differences between our adult and each juvenile singleton count separately in 2 × 2 contingency tables using the χ 2 -test for homogeneity, plot- ting each juvenile value on the adult composite regression, and noting each observed singleton count relative to the 95% prediction intervals (Fig. 1 ). For χ 2 analyses, we separated haplotypes into singleton and non-singleton, and the samples into adults and juveniles, where the threshold of significance (α = 0.05) was near a 60% lower singleton count in the juvenile compared to the adult haplotype samples. In a slightly less stringent test we also compared singleton counts between juveniles and adults to the N of each sample of fish. Analysis of the χ 2 -test suggested only incremental improvement in statistical power with sample sizes > 40 individuals, and sample sizes near that number were available to us from the SMURFS. Even so, that number of individuals probably represents a marginally adequate sample (per site) for our study. However, the difficulty of servicing moored SMURFs at remote sites along the weather side of the northern Channel Islands can significantly hinder operations, making the successful collections valuable and worthy of study. We also used REAP (restriction enzyme analysis package) (McElroy et al. 1992 ) to perform a χ 2 -test of individual haplotype frequencies among populations using the Monte-Carlo method (Roff & Bentzen 1989) .
In our quantitative analyses we used Arlequin Software (Schneider et al. 2000) to perform AMOVA (analysis of molecular variance) (Excoffier et al. 1992) and mismatch distributions (Li 1977 , Harpending 1994 , Rogers 1995 . We used AMOVA to estimate Wright's (Wright 1951 , 1965 , Weir & Cockerham 1984 ) fixation index, F ST . A significant F ST suggests that populations are not mixing considerably. Arlequin's mismatch distribution calculated frequency histograms of the number of observed versus expected substitutions (assuming recent population expansion as expected) between random pairwise comparisons of sequences. The distribution was useful in our study, because the number of modes appearing in the histogram reflects the genetic homogeneity of the sample (Rogers & Harpending 1992) .
We also estimated the genetic effective size, N e , of each population using MIGRATE documentation and program (P. Beerli unpubl. data, available at http:\\ evolution.genetics.washington.edu/lamarc). MIGRATE uses a maximum-likelihood approach that considers the history of mutations and the uncertainty of the mtDNA genealogy (Beerli & Felsenstein 1999) to estimate Θ, where for bi-parental inheritance of a diploid marker Θ = 4N e µ, where µ is the mutation (i.e. substitution) rate. For the maternally inherited mtDNA we can determine only the female effective size N ef , where Θ = 2N ef µ (e.g. Roman & Palumbi 2003) . The substitution rate, µ, of the mtDNA control region of fishes is estimable from divergence rates over the whole control region at between 1.57 and 2.03 × 10 -8 bp -1 yr -1 (Donaldson & Wilson 1999). However, in calculating N ef , µ should be expressed per generation. If we arbitrarily assume that 10 yr represent the average generation time of kelp bass populations with 100% maturation between 3 and 4 yr and life spans near 33 yr (Love 1996) , then µ would fall between about 1.6 and 2.0 × 10 -7 bp -1 generation -1
. Taking the mid-point as 1.8 × 10 -7 bp -1 generation -1
, then for each population sample N ef = Θ/2 µ = Θ/3.6 × 10 -7 . N e from the coalescent estimates the historical N e over the time period tracking back to the common ancestry of the alleles in the population (Avise 2000) , rather than estimating the N e of the contemporaneous population. However, historical and contemporaneous estimates of N e can agree if population effective size has remained stable over a long period (e.g. Frankham et al. 2002 , Turner et al. 2002 . Whereas our central issue was indeed the number of females likely to have contributed to the contemporaneous genetic make-up of the recruiting juveniles, we were chiefly concerned with making a fair distinction between evidence of a small number of contributors (perhaps even as few as 100 female fish of a small MPA) and the tens to hundreds of thousands that might make up that effective size outside the MPA.
RESULTS
By combining all 4 population samples, we obtained 162 mtDNA sequences of 423 bases from the left domain of the kelp bass mtDNA control region. The 45 juveniles from Hazards Bay produced 19 distinct haplotypes, of which 12 were singletons, yielding a singleton fraction of 63%. The 39 juveniles from Pelican Bay produced 24 distinct haplotypes, of which 19 were singletons, yielding a singleton fraction of 79%. The 39 juveniles from Ripper's Reef produced 22 distinct haplotypes, of which 17 were singletons, yielding a singleton fraction of 77%. Finally, the 39 adults from SCAI produced 24 distinct haplotypes of which 20 were singletons, yielding a singleton fraction of 83%.
Collectively, the 4 samples had 37 nucleotide differences, generating 61 distinct haplotypes with 39 (64%) singletons. Pooling of the juvenile samples alone produced 47 distinct haplotypes, of which 27 were singletons (57%).
Comparison of singleton fractions and χ χ 2 tests
The mtDNA singleton counts of our 39 adult kelp bass from SCAI closely agreed with that predicted from the composite adult regression, the value falling well within the 95% prediction intervals of the regression line (Fig. 1) , as was also true for each of our juvenile samples when compared separately. For example, 95% of singleton counts corresponding to a distinct haplotype count of 19, i.e. the Hazards Bay juvenile value, should fall between 6 and 21; the Hazards Bay singleton count was 12. This was also true for a singleton count we derived from C. M. Phalen's (unpubl. data) sequence haplotype data for 69 kelp bass distributed between Baja California and the northern channel islands of California (data not shown). In contrast, the lumped juvenile singleton count was significantly lower than predicted. The 95% (inclusive) prediction for singletons at 47 haplotypes was 34 to 49, whereas the observed count was 27. The value was also below the 99% (inclusive) prediction range of 31 to 53. The χ 2 -test of heterogeneity indicated that the singleton count for each juvenile sample relative to adult kelp bass was not significantly different (Fig. 4) , thus agreeing with the regression analysis for individual samples. Haplotype frequency analysis and AMOVA Analysis with REAP found significant heterogeneity with respect to individual haplotype frequencies when the 4 samples were compared (Table 1) . Removing the adult sample left non-significant differences among the 3 juvenile samples. The same was true when only the Hazards Bay or the Pelican Bay samples were separately removed. However, removing the Ripper's Reef sample but leaving the adult plus the 2 SCZI samples produced highly significant differences in the REAP analysis (p < 0.001).
Analysis of molecular variances (AMOVA) produced a significant F st of 0.02 (p = 0.03) among the 4 samples together (Table 2) ; 98.8% of the variance was attributable to within-sample variability. The F ST among the juvenile samples alone was not significant, in agreement with the REAP analysis. However, there was a significant (p < 0.05) F ST between the Hazards Bay and adult SCAI samples, but not between the Pelican Bay and adult SCAI samples or between the Ripper's Reef and the adult SCAI samples ( Table 2 ). The gene diversity index of the Hazards Bay sample was 0.828 ± 0.052 and the nucleotide diversity index was 0.004 ± 0.003. The same values for the Pelican Bay sample were 0.914 ± 0.036 and 0.005 ± 0.003, respectively, for the Ripper's Reef sample 0.895 ± 0.040 and 0.005 ± 0.003, and for the adult SCAI sample 0.924 ± 0.027 and 0.005 ± 0.003.
Mismatch distribution
Of the samples, 3 (Hazards Bay and Ripper's Reef juveniles, and adult SCAI sample), had unimodal mismatch distributions (Fig. 5) , none of which differed significantly from the expected distributions of pairwise differences for recently-expanded populations. The Pelican Bay sample did not converge to fit the mismatch model distributions; perhaps it deviated too far from the sudden expansion model used in the Arlequin calculation (Schneider et al. 2000) . The mean pairwise difference among the haplotypes of the Hazards Bay juveniles was 1.71 with the variance term s 2 = 1.50, among the Pelican Bay haplotypes it was 2.24, with s 2 = 1.82; and among the Ripper's Reef haplotypes it was 2.30, with s 2 = 2.14, respectively. The observed mean and variance for the adult SCAI haplotypes was 2.31, with s 2 = 1.83.
Effective population size
We estimated the female effective population size, N ef , using the expression N ef = Θ/2µ as follows: Hazards Bay Θ = 0.00211, N ef = 5 861; Pelican Bay, Θ = 0.01698, N ef = 47 167; Ripper's Reef, Θ = 0.01764, N ef = 49 000, SCAI adults Θ = 0.02696, N ef = 74 889.
DISCUSSION
The singleton haplotype count for our adult Paralabrax clathratus fell on the composite regression line constructed from data from other studies, and was well within the 95% prediction interval for new observations (Fig. 1) . The same was true for C. M. Phalen's (unpubl. data) larger sample of 69 adults taken from 7 locations throughout the geographic range of kelp bass (data not shown). Consequently, our adult sample from an arbitrary location did not produce a biased reference singleton count. Haplotype and singleton counts for each of the 3 juvenile samples appeared slightly, but not significantly, lower than that for the SCAI adults (Fig. 4) . Moreover, each juvenile sample, when plotted individually, fell directly on the composite adult regression line (Fig. 1) . Thus, there was no evidence from the singleton counts that siblingdominated recruitment was occurring at any of the 3 individual sites when the juveniles were collected. The linear distance separating the SCZI sites and Anacapa's tiny no-take MPA is not especially large (ca. 25 and 40 km, respectively), but because juveniles arising from the MPA and recruiting to SCZI would not be 'homing', natal homing per se to an MPA would not be an issue there. Although cyclonic subtidal circulation in the Santa Barbara Channel (Hendershott & Winant 1996 , Harms & Winant 1998 could conceivably supply the SCZI sites with recruits from Anacapa, a significantly enhanced recruitment effect might not extend over even that distance. Moreover, because the SCZI samples represented 2 wk integrations of recruits, one might expect genetically mixed recruitment. Relative to the SCZI sites, the Ripper's Reef site (Fig. 2B ) was much nearer (about 5 km) to a larger MPA at Big Fisherman's Cove, Santa Catalina Island (Fig. 2B ). Ripper's lies upcurrent or downcurrent of the MPA, depending on the tide, but is generally leeward of it during summer and fall (Zimmerman & Kremer 1984 ). Ripper's Reef juveniles were taken from peaks of daily recruitment that formed an apparent strong recruitment pulse coinciding with the full moon (Fig.  3) ; yet, the findings were essentially the same as those seen at the SCZI sites.
The traditional analyses yielded further insight. Qualitative and quantitative genetic differences did appear between the adult and some juvenile samples. In considering them, however, it should be recalled that the Ripper's Reef and SCZI juveniles were collected 2 yr apart, in 1998 and 2000, respectively, and that SCAI adults were collected in 2001. So, although intra-annual syntopic events could not account for any patterns seen, we shall discuss our findings as if the 'composite view' from multi-year sampling reflects what could be occurring in 1 representative year.
There was significant frequency heterogeneity among individual haplotypes between the SCZI juveniles and SCAI adults, even though the Ripper's Reef juveniles did not differ from those from SCZI. The pattern implies at least partial mixing between the southern and northern Channel Islands during planktonic dispersal. The significant F ST between the Hazards Bay juveniles and SCAI adults revealed by AMOVA (Table 2 ) makes it unlikely that those adults contribute much recruitment to the northwestern shores of Santa Cruz Island. It is substantially more likely that the local adult kelp bass contributed recruitment to Santa Catalina Island, or that the source of recruits to Santa Catalina Island was the same for the juveniles and adults. The juveniles and adults shared 2 haplotypes that were altogether lacking among the SCZI juveniles ( Table 1) .
The average number of sites by which most sequence pairs differed within the Hazards Bay sample (1.7 sites) compared to the 2 individual SCAI samples (ca. 2.3 sites) makes the entire Catalina Island population appear slightly more diverse and consequently slightly older than the SCZI population (Rogers & Harpending 1992) . The slightly, if not significantly, higher adult singleton count coupled with the slightly higher gene diversity (even compared to the Ripper's Reef juveniles), for the Catalina Island population suggests that the adult sequences are more divergent than the juvenile ones. The adults had a slightly larger subset of the distinct mtDNA haplotypes of the kelp bass population at large than did the Ripper's Reef juveniles. This would be expected, as the juveniles represent only females spawning in a single year rather than a genetic assemblage from multiple recruitment years.
We estimated the female genetic effective size of the SCAI adult population to be about 1.5 to 1.6 times larger than that of the Ripper's Reef and Pelican Bay juveniles, respectively, but nearly 13 times that of the Hazards Bay juveniles. The estimates directly reflect the differing amounts of sequence divergences within and between samples; i.e. increasing nucleotide diversity within a sample of haplotypes generates proportionately higher values of N ef by the coalescent. The magnitudes of N ef were set by the value of µ that we used (Donaldson & Wilson 1999 ) and an assumed average generation time of 10 yr. Germane to the context of this research is (1) whether the estimates have led to erroneously high estimates of N ef , and (2) whether the coalescent method as we have applied it approximates the N ef of the contemporaneous population.
Regarding the first point, higher values of µ coupled with higher generation times lowers the estimates of N ef , as recently modeled for cetaceans (Roman & Palumbi 2003) . Moving to an outside (average) upper estimate of µ for fish control regions of 2.03 × 10 -8 bp -1 yr -1 and doubling the average generation time in kelp bass from 10 to 20 yr would put the N ef of the Hazards Bay juveniles (already our lowest estimate) at 2598 -not a particularly large number. Regarding the second point, the mismatch distribution for the Hazards Bay juveniles (Fig. 5) is consistent with the distribution expected following a relatively recent expansion in population size (Rogers & Harpending 1992) . If an historically stable population size is necessary for the coalescent approach to produce a fair approximation of the contemporaneous N ef (e.g. Frankham et al. 2002 , Turner 2002 , then this condition may not be met for kelp bass.
However, our estimated female effective sizes taken together with our singleton comparisons, haplotype frequency analysis, AMOVA, and mismatch distributions, revealed no compelling evidence of significantly enhanced recruitment above what would be regarded as 'background' near an MPA. Consequently, our findings offer almost no support for a basic model concept of a relatively few, highly productive females supporting a small MPA or its proximal areas, either by way of direct juvenile natal homing (Jones et al. 1999) or other retention mechanisms (Stepien 1999 , Swearer et al. 1999 . Still, so little is known of the planktonic dispersal patterns of kelp bass that there is no established basis for predicting the importance of retention or natal homing to recruitment success, or for knowing if such behavior exists for this species. If it does, it was not seen here, but given perhaps our marginal power of detection, its existence cannot be ruled out, nor can one conclude that no recruitment effects attributable to MPAs are occurring in our study areas, or that they will not be detected in association with MPAs elsewhere.
Regarding the observation that the singleton count of the pooled juvenile sample was significantly lower than predicted, we offer the following explanation. Because the pooled sample comprised juveniles collected in different years at different sites, the lowered count clearly would not be evidence of siblingdominated recruitment near a specific site. Fitting the result into the inter-annual composite view with our other findings, it likewise suggests that the recruiting juveniles were drawn from a genetically mixed pool, where at least nominal siblings (i.e. individuals sharing haplotypes but not necessarily true siblings) were relatively abundant. This pattern disappeared at recruitment because the nominal groups were basically not cohesive. Nevertheless, the lowered count confirms our premise that, in a finite field sample of recruiting juvenile kelp bass, our composite regression approach can recognize a significantly increased number of shared haplotypes over that typically seen among adult fishes.
Planktonic dispersal and recruitment among marine populations is recognized as difficult to study genetically (Hellberg et al. 2002 ). The geographic scales over which enhanced recruitment effects may exist and be attributable to either large or small MPAs are likewise difficult to study or predict, but much more research effort should be directed toward understanding scale. Knowledge of population sources, levels of mixing among populations, and the direction and scope of larval dispersal is imperative for preserving multiple life stages and stage-specific habitats. Seeking genetic evidence of sibling-dominated recruitment via mtDNA haplotype analysis represents 1 possible approach to the recruitment issues surrounding MPAs, especially when combined with traditional methods of analysis.
